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A 42° SWEPTBACK WIHG AT REyMOLDS HUMHERS TO 8,000,000 

By Reino J. Salmi, D. William Conner 
and Robert H. Graham 

:«. » SWfJARJT 

•• The effects öf a fuselage on the lov speed aerodynamic charac- 
teristics of a sweptback wing were investigated In the Langley 
19-foot pressure tunnel. Tests were made In pitch at Reynold* 
numbers of 3,0l*0,000 and 8,090,000 and In yaw at Reynolds numbers 
of 1,720,000 and 5>300,000. The wing had an aspeot ratio of k, 
taper ratio of 0.625, 42° sweepback at the leading edge and 
MCA 61»i-112 airfoil sections normal to the 0.273 chord line. A 
representative fuselage of circular cross section was tested with 
the wing mounted In the high-wine, low-vlng, and mldwing positions. 
Tests were made without flaps and with 18.4 percent chord split flaps 
extending from 12.3 to 50 porcent of the aemlopan. 

The presence of the fuselage had negligible effect on the 
values of maximum lift coefficient and the elope of the lift curve. 
The fuselage caused a destabilising shift in the rate of change of 
pitching moment with lift. This effect remained fairly constant 
regardless of the vertical poeltion of the wing on the fuselage 
except in the high lift lange for the flaps off condition at a 
Reynolds number of 8,090,000, at which the effects caused by the high- 
wing and mldwing fuselage combinations increased rapidly with lift« 

The fuselage effeots on the drag characteristics were small, 
and the vertical poeltion of the wing had little effect except with 
the flaps on. The fuselage added increments to the effective 
dihedral and directional stability parometere, Cj  and Cy , whloh 

were of the same magnitude as those observed for wings having little 
or no sweep. When the Reynolds number was reduced from 5,300,000 
to 1,780,000, these increments In Cj. had unsystematic variations 

at moderate and high lifts. 
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The use of aweptbaok wings as a means of redwing conpreaal- 
MUty effects In flight at high subsonic and supersonic speeds, 
baa presented problems In obtaining adequate stability and control 
at low speeds and high lifts for any auch aircraft. Simple theory 
and v1.nd-tunr.el tests have ohovn that wings with high angles of 
aweepback nay become longitudinally unstable at the stall and »ay 
also have undesirably large positive dihedral effects in the high 
lift range. 

Considerable data is available on the effects of Interference 
due to design components such as fuselages and nacelles, on the 
longitudinal and lateral stability characteristics of unawapt wings, 
tut little data Is available on the effects of any such additional 
bodies on the aerodynamic characteristics of wings with high angles 
of aweepback. Accordingly, tests were conducted to determine the 
aerodynamic characteristics of a U2° sweptback wing mounted on a 
fuselage at high--wing, low-wing, and mldwing positions. The teat« 
ware made with and without split flaps at Reynolds numbers of 
3,01*0,000 and 6,090,000 for tests in pitch and 1,720,000 and 
5*300,000 for tests in yaw. These data are presented together with 
corresponding wing alone data from reference 1. 

ccrarcijswiM AHD SYMBOIS 

The data are referred to a system of axes shown la figure 1* 
ltiniln are referred to the quarter-chord point of the man aero- 
dynamic chord and all coefficients are based on the area of the 
basio wing. 

ox 

°Y 

lift coefficient   (lift/qS) 

drag coefficient    (D/qS) 

longitudinal-force coefficient   (X/qS) 

lateral-force coefficient   (Y/qS) 

rolling-moment coefficient    (L/qSb) 

pitcliing-moment coefficient   (K/oS5) 

yawlng-moment coefficient   (H/qSb) 

. ••».      *» t* -* ..... 
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Reynold« aMber   (pVo/u) 

free-stream Mach number   (V/a) 

argle of attack measured 1B plane of eynroetry, degree« 

angle of yaw, yc iliivo when right wing Is tack, degrees 

rate of chance of rolling-moment coefficient with angle 
of jaw,    aCi/clir,    per degree 

rate of ohange of yaving-mcraant coefficient with angle 
of yaw,    oCn/öt,    per degree 

rate of change of lateral-force coefficient with angle 
of yaw,    5Cy/ät,    per degree 

Increment In Clf 

rate of change of pltahing-aonent coefficient With 
lift coefficient 

dfij/da rate of change of lift coefficient with angle of attack 

uft--z- 
D drag • -at at tero yaw 

X longitudinal force               ' 

T  .. lateral force 

2 vertical force 

M " pitching maaent 

1 rolling moment                       ..... ' ,-. 

> yawing moment 

8 wing area          .....* 

b . wing span 

8 mean aerodynamic chord measured parallel to plant of 

symmetry 

uttaic chord meas 

(•jM 
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local ohord, parallel to plan* of 

epanviae coordinate 

free-stream dynamic pressure  (gp^2) 

free-stream velocity 

mass density of air 

coefficient of viscosity 

Telocity of Bound 

toy 

APPARATUS AND TESTS 

Model \ 

The ving and fuselage (fig« 2) vere constructed of laminated 
Mahogany, lacquered and sanded to an aerodynamically smooth finish. 
The wing has a sveepback angle of ^2.05° along the leading edge and 
has NACA 61*^-112 sections normal to the O.273 chord line. The 
0.273 chord line of the twept ving, la the quarter-cord line of a 
straight ving panel which has been rotated 40° about the quarter- 
chord point of the root chord. The aspect ratio Is k,  taper ratio 
O.625 and the tips are rounded in plan form and cross section 
beginning at 97.5 percent of the semlspan.  There Is no geometric 
dihedral or twiat. 

The fuselage Is oircular in cross section and tapers to a point 
at each end. The maximum diameter, which is constant at the wing 
Intersection, is equal to ko percent of the ving chord (measured at 
the plane of symmetry), and the flneas ratio is 10.8. The center 
portion of the fuselage has removable blocks to permit the mounting 
of the ving at high-wine, low-wing, and mldving positions vith 
2° Incidence between the ving chord plane and the fuselage center 
line • No fillets were used at the wing-fuselage Juncture for any 
ving position. 

The split flaps were fabricated of sheet steel and extended 
from 12.3 to 50 percent of the wing semlspan.  The center gap was 
maintained to facilitate flap deflection. The flap chord is 18,1» 
percent of the local ving chord. The flap deflection measured from 
the lover surface of the ving and in a plane normal to the hinge 
line is 60°. 
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Tests 

Tit» model was tested In the Iangloy 19-foot pressure tunnel 
and vu mounted on a two-support system for the pltoh tests 
ifigs. 3(a) and. 3(b)) and or. a single support for the yaw tests 

ti-Bm 3(c)).   In the Icv-wirri fuselage combination the top of the 
year support was shi&ld&i by oho same fairing used for the wing alone 
tests (reported in re-'nrance 1).   The pltoh tests were made at 
Seynolds nuaber valves of 3,0'0,000   (% = O.069)    and 8,090,000 
(Mo » 0.190).    The tests were made with and without split flaps. 

' Stall characteristics were studied by means of wool tufts attached 
to the upper surface of the wing beginning at SO percent of the wing 
chord.   The lateral stability parameters were obtained from tests 
through an angle-oi'-attaclc range of yaw angles of 0° and t5°» at 
Beynolda number values of 1,720,000   (MQ - O.10)    and 5,300,000 
(Mo • 0.12).   Tests through a yaw range of -10° to S50 angle of yaw 
were made with flaps pff at 15° angle of attack and with flaps on 
at Ik.2° angle of attack at a Seynolds number of 5*300,000. 

CORRECTIONS TO DATA 

The same corrections applied to the fuselage—off data, of 
reference 1 and discussed therein, have been applied to the fueelnge» on 
data.   These corrections account for model support and, interference 
effects, model blooking end Jet boundary effects.   Ho Jet boundary 
corrections were applied to the rolling-moment, yawlno-moment *a& 
lateral-force coefficients. 

EESUI/TS ADD DISCUSSION 

Aerodynamic Characteristics in Pltoh 

This lift, drag,and pltchlng-ooment characteristics of the wing 
Mounted on a fuselage at the high-wing, low-wing, and mldwing 
positions and of the wing alone, with and without flaps, are 
presented In figures k to 7.   The variation of   dCg/dCj,   with lift 
coefficient Is shown in figure 8. 

Lift and stalling characteristics.- Figures U(a) and 5(a) show 
that at a Beynolda number of E,090,000, the presence of the fuselage 
had "rexy little effect on the maximum lift coefficient and the slope 
of the lift curve.   The Beynolda number of the data for the «log 
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and without split flaps. IncrsBsnts la CV du* to ohange« la the 

vertical location of the fuselage ax« given In figure 11. The 
aerodynamic characteristics through a yav range at a constant angle 
of attack near maximum lift are presented in figures 12 and 13. 

gffeotlve dlhodral parameter.- Figure 11 shows that at a 
•Reynolds number oi" !>,3OC>,0CÜ~änd with the flaps off, the presence 
of the fuselage In the BL'.dwlnt; combination caused no change in the 
effective dihedral parameter Cj  at zero lift, hut that the high- 

wing and low-wing positions added Increments in Cj. equal to 

Ö.OOO65 and -O.OOO65, respectively. The increments in Cj  due to 

the fuselage decreased linearly with increasing lift coefficient up 
to values of lift coefficient of about 0.7. With the flaps on, the 
high-wing and low-wing positions produced almost constant increments 
In C|^ through the lift range, equal to about 0.00050 and -0.00030, 
respectively, and the miAwing position had no effect. 

The increments in C,  produced by the various wing position«, 

tend to become irregular in the high lift range due to the unsteady 
conditions associated with initial separation over the wing tips. A 
comparison of this data with corresponding data from reference 2 
shows that the increinentu in Cj. produced by the fuselage for 

various vertical locations of the 1»2° sweptback wing are approximately 
of the same order as have been measured on wings having little or 
no sweep. . 

Seducing the Reynolds number from 5,300,000 to 1,720,000 caused 
the increments in   Cl+   to be shifted in a positive direction at lev 
lifts with flaps off, for the high-wing and low-wing combinations, 
but did not effect   £C^   at zero lift for the  midwlng  combination. 
With flaps on, the high-wing and low-wing positions had values of 
ACl*   approximately equal to those at the higher Reynolds number 
while the midwlng position had a more negative value. All combinations 
showed unsystematic variation of ii(V at moderate and high lifts. 

Figures 9 and 10 show that the scale sffeot on C^ with the 

fuselage on is the same as was noted In reference 1; In that, reducing 
the Reynolds number from 2,300,000 to 1,720,000, considerably reduced 
the linear range of the variation of Ci^ with C^. 
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Figure 2.- Geometry of 42*  swept-bock  wing and fuselage.    Aspect 
ratio* 4.01. taper ratio-0.625, area<•4643so in.; £ * 34.7 in.  No 
dihedral or twist. (AH dimensions in inches J 
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lilt 
(b)   Pitch support details. 

Figure 3.-  Continued. 
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(b)  H = 1,720,000. 

Figure 11.- Effects of a fuselage on Cj.   of a kZ° seaptback wing for three 
vertical positions  of the wing. ' 
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